Poorly planned urban development and the associated lack of sanitation infrastructure are the main causes of ecosystem alteration and contamination of Alagoas coastal zone. As these ecosystems are significantly linked with human use, such as recreation and tourism, the impacts on human health cannot be obviated. The present study evaluates the water quality of the Alagoas coastal zone analyzing five years of monitoring data obtained from the state Environment Office. Results suggest a worsening of the water quality between the years 2007-2011. Low levels of sanitation, especially sewage collection and treatment, the lack of an effective land planning, environmental development of agribusiness activities and low perceptions of sustainability appear to be the main factors impacting the water quality of the Alagoas state coast. On the other hand, investment in sanitation has boosted investor confidence and driven development, to the extent that sanitation infrastructure capacities have been exceeded and raises potential water quality issues.
Introduction
Coastal environments contain some of the marine world's most important ecosystems and represent significant resources for human industry and recreation. The biological richness of coastal ecosystems is widely recognized, and makes them attractive areas for the establishment and development of human communities worldwide: Approximately 60% of whom are found in coastal areas (Constanza et al., 1997) . Currently, 24.6% of Brazil's population lives in coastal counties, accounting for 4.1% of the total area of the country (IBGE, 2011a) . This impact of population concentration and the development of various economic activities on coastal ecosystems are remarkable due to the poor environmental and territorial planning and the lack of infrastructure, especially sanitation. In addition to its resident population, its tropical climate and beautiful landscapes makes Brazil's coast attractive for tourism. According to the Ministry of Tourism, in 2012, Brazil received 5.67 million international tourists arrivals, -mostly from South America (2.63 million), Europe (1.62 million) and U.S. (0.59 million) (MT, 2013) . However, domestic tourism is significant in Brazil, and has been driven by rising real incomes and a growing middle class. In 2012, domestic landings totaled 85.47 million, as opposed to 43.1 million in 2005 (MT, 2013 , suggesting a phenomenal growth in the industry. This situation has generated great pressure on coastal ecosystems resulting in a decrease in water quality and biodiversity, loss of critical habitats, and an overall decrease in the health and quality of life of local inhabitants (MMA, 2005) . The impact of population concentration, a growing tourism sector and the development of various economic activities on Brazil's coastal ecosystems are occurring within a milieu of poor environmental and territorial planning for infrastructure, especially sanitation. Water quality is a major environmental health indicator, reflecting the interference of human activities both in the coastal zone and in the adjacent catchments. Expressed as bathing (in the present study), it refers to the quality of water for the purpose of primary contact recreation, i.e. direct and prolonged contact with water, with high probability of ingestion, as in activities of swimming, diving and some other water sports (MMA, 2005) . The bathing measures adopt microorganisms commonly present in stool, as an indicator of the level of contamination by sewage. The presence of pathogenic organisms is not assessed directly due to the large number and variety of these individuals (Noble et al., 2003) , associated with varying densities, sources and levels of risk that they present, which technically and financially impracticable for a systematic environmental monitoring. However, the improper bathing condition class indicates a high likelihood of pathogens, and therefore risks to public health. Brazilian law establishes standards for bathing for three groups of organisms: fecal coliforms, Escherichia coli and Enterococci (MMA, 2001 ). Thus, this paper analyzes the beach bathing conditions in the state of Alagoas, northeastern Brazil, between 2007 and 2011, using an annual rate of bathing from the standards set by law (MMA, 2004) .
Studied area
The study was carried out on the coast of Alagoas, which stretches for about 230 km (Figure 1) , and is composed mainly of coral and sandstone reefs, lagoons, rivers and mangrove ecosystems. Alagoas is one of the nine states of northeastern Brazil. It is subdivided into 102 municipalities and had a total population of 3,120,494 in 2010, 73.6% of which living in urban areas (IBGE, 2011b; IBGE,2011c) . Maceió is the capital, with 933,000 inhabitants (30% of total State population), and is home to 40.6% of its urban population. According to Brazilian law, the coastal zone is divided into two tracks: the sea, which corresponds to the territorial sea (12 nautical miles from the baseline of the coast), and the land, which is the band formed by areas of the continent suffering direct influence of coastal phenomena (MMA, 2004) . In Alagoas, 23 municipalities met one of eight legal criteria that classify them as members of the land strip (IBGE, 2011a) . The main factors of potential negative impact on the quality of coastal waters of Alagoas are: cattle and cultivation of sugar-cane associated with deforestation, and lack of territorial-environmental planning and environmental sanitation infrastructure associated with the tourism (IBGE, 2011a). The sugar cane production area is concentrated in the municipalities near the coast, having corresponding, in 2011, 29.9 million tons in a planted area of 435,000 hectares (IBGE, 2011a) . The supply chain is related to the 25 sugar cane mills currently installed in the area (UDOP, 2012) . This cultivation is mainly responsible for the strong deforestation in the Atlantic Forest region (Verdade et al., 2012) . With regard to environmental sanitation, only 26.6% of the population of coastal counties have sewage collection network for general or rain, while 65.8% use septic tanks (16.6% and 49.2% rudimentary septic) (IBGE, 2011b) . Even in areas of collection, most of the sewage does not undergo treatment.
Material and methods
The main effect of the impacts on the water quality caused by the increasing human settlements near the coastal areas is the presence of pathogenic microorgan- isms (Ramaiah, 2002) in coastal waters. Presence of fecal coliform bacteria, especially E. coli (Guan et al., 2002) , has shown strong correlation to swimming associated illnesses (Uzoigwe et al., 2007) . As fecal contamination and higher incidence of pathogens are reported in literature (Fujioka, 2002; Wilkes et al., 2009) , it is essential for collating the abundance of certain known human pathogenic bacteria along with the enumeration of coliforms. Based on this information, the coastal water quality in the Alagoas State was evaluated using thermotolerant coliform ( In the present study, a total of 250 reports were analyzed with more than 11,000 tested samples (IMA/AL, 2012). The results were digitized and integrated into a database and geographical information systems. Each sample was rated weekly for bathing according to the limits established by the Brazilian legislation, which is based on the last five consecutive weeks sampled (MMA, 2005) (Table 1 ). Based on this classification, the annual rate of bathing for each monitoring station using the index developed by CETESB (2012) ( Table  2) were calculated. Systematic monitoring of water quality data allows for the identification of trends that can be used in the coastal planning and management, as well as to improve monitoring effectiveness in the environmental change. In this study, seasonal effect was evaluated by both, the evolution of the annual rate of bathing (IAB) and the statistical test of Mann-Kendall. In the latter case, two annual average concentrations of fecal coli-5 6 2 
Results and discussion
The results suggest high levels of improper bathing on the beaches of Alagoas, especially in the northern and metropolitan compartments. Over the five years analyzed (2007) (2008) (2009) (2010) (2011) , 37.9% of the samples of the north coast and 33.7% of the samples from metropolitan coast, showed the classification of bathing over the legal limit allowed for primary contact recreation (Figure 3) . (Neto et al, 2002; Santos Filho et al., 2007) the watersheds that supply the city and flow to its coastline and therefore likely to have a direct relationship with the quality of the coastal waters of the region. According to Santos Filho et al. (2007) Riacho do Silva catchment, for example, is fully inserted in the urban city of Maceió, is a system rich in water resources, native flora and fauna. Some authors carried out in the catchment show the environmental degradation resulting from the human activity (Santos Filho et al., 2007) . On the other hand, Silva Júnior (2009) pointed out to the disorderly occupation of watersheds such as catchment Riacho Reginaldo also in Maceió, as a cause of increased soil impermeability, which increased runoff dynamics, hence up the contribution of contaminants in the coastal zone. Some authors describe the Maceio region as a major industrial concentration where companies do not treat their effluents which goes directly to sinks similar to systems used in sewage lagoons region or to the accumulation of rainwater (Neto et al., 2002) . The annual ranking of each monitoring stations in the state of Alagoas is presented in Supporting Infomation, as well as the outcome of the seasonal differences. The north coast, between the stations of Japaratinga Beach (165Mar) and Maragogi Beach (215Mar) the situation is especially worrying due to the high incidence of impropriety, ranging from regular and bad/critical, being critical or poor in five years in three stations (Figure 2 ). In south-central coast of Maceió, in the 14 stations between the Pontal da Barra (020Mar) and Jacarecica Beach (Sea 120) the situation is even The area is also known for frequently cyanobacterial blooms resulting from the domestic input originated in the vicinity of the lagoons (Porfirio et al., 1999; Oliveira & Kjerve, 1993) beyond the supply of tailings from the sugar cane production (Oliveira and Kjerve, 1993 ) . Figure 2 and Supporting Information). The significant improvement is linked to the progress of sanitation in Barra de São Miguel (7,574 inhabitants) (IMA/AL, 2012), with a focus on remediation of Niquim River, which input into the ocean and was the main destination of sewage and garbage from residents. The example of Barra de Sao Miguel highlights the benefits of investing in sanitation. The improvement of environmental conditions has driven even more tourism and housing developments in the city (MT, 2013), which also put pressure on the sanitation infrastructure. However, the consolidation of urban laws and parameters of spatial planning through the Master Plan approved in 2008 has provided a framework for the planned occupation (IMA/AL, 2012). The demographic and occupational characteristics, as well as the sources of environmental degradation, are very similar to the Barra de São Miguel in several coastal counties of Alagoas, which points to the actual possibility of improving the quality of water in these regions (IMA/AL, 2012). In relation to the northern metropolitan coastline, the beaches of Paripueira and Barra de Santo Antônio (155Mar the 162Mar) showed trend of worsening annual ranking, since the beaches did not show 100% of bathing in the last three years. The same occurs with the station 164Mar in São Miguel dos Milagres. It is important to highlight that these stations cited worsened even in years in which the average quality of the compartment was good. These three municipalities, with significant points of worsening water quality, present demographic and socioeconomic profile similar to Barra de Sao Miguelwith a population ranging between 7,000 and 15,000 inhabitants (IMA/AL, 2012), which reaches three times this size in the high tourism season periods, accompanied by rapid expansion of the occupation (MMA, 2005) . However, in these areas there are no necessary investments in the environmental sanitation and urban planning. Barra de Santo Antônio, as an example, experienced a "boom" of sprawl, including the invasion of the land and many areas by low income population derived from more distant counties, resulted by the opening of the bridge that connects the mainland to the island of Crôa, in 2010. It should be noted that none of the three municipalities have municipal master plan approved till the present moment (IMA/AL, 2012). Trend data through the annual bathing classifying suggests being very effective when rapid changes occuras in points highlighted above. However, it does not appear to be sensitive, to changes that do not result in change of class (eg the increase of coliforms without leaving regular class, or its decrease without leaving the class bad). On the other hand, areas with better water quality index becomes very susceptible to occasional events (eg, at the stations that has always good bathing, a single isolated event, featuring over 1,000 coliforms NMP/100 mL, makes the beach improper in five consecutive weeks). In this sense, and also seeking to incorporate the seasonality of the phenomenon, the statistical trend (TE) emerges as an excellent analytical complement. In areas with significant changes in TE it showed the same trend based on the annual ranking, as in the case of reductions of coliforms in the south coast and increases between Paripueira and Barra de Santo Antônio (Table 1) . In this second case, the TE also revealed worsening of water quality in neighboring stations (116Mar the 150Mar), especially in the dry season. Note that the entire region surrounding the station 116Mar is absorbing urban sprawl of Maceió and developing accelerated expansion of tourism and urbanization (MT, 2013) . The increasing concentrations of coliforms in the dry season suggest the worsening of the water quality in the northern and metropolitan coastal areas. This result indicates the intensification of point sources of domestic pollution in the period, which includes the festive periods, school holidays and summer, and that, based on the performance of tourism in recent years, implies a considerable increase of the floating population.
The southern coast, with low urbanization and weak tourism activities (IMA/AL, 2012), showed an improved water quality through data analysis, rating the results obtained based on the bathing index. Despite the positive results found in the present study, there is a lack of field sanitation (excessive accumulation of garbage and open sewage, for example) and poor spatial planning policy in the cities of the south coast, which slightly affects the quality of coastal waters due to small occupation and tourism. The monthly basis and seasonal (rainy and dry seasons) data demonstrates the strong correlation between the concentration of fecal coliform in the rainiest months, indicating both the effect of diffuse pollution as well as the intensification of point sources of pollution ( Figure  4) . The stations most affected by the rainy season were those with lower water quality and those near the river mouths and urban drainage. The positive correlation between fecal bacteria and precipitation is reported by several authors both in other parts of the world (such as Solo-Gabriele et al., 2000 and Alm et al., 2003) and in the northeastern Brazil (Medeiros, 2009; Morais and Silva,2012) . The results on the Alagoas coast also highlights to the increasing unsuitability in months of strong population growth due to tourism, especially in the months of January and July (MT, 2013) . In a state where the rates of collection and sewage treatment are so low, even in the capital Maceió (IMA/AL, 2012), the pressure on the already fragile sanitation infrastructure seems to have a direct impact on the environmental quality of coastal waters. Figure 4 illustrates the improper monthly average of beaches monitored in five years, and the average monthly rainfall of a station located in Maceió.
Conclusions
The analysis of the environmental quality of the coast of Alagoas, focusing the coastal bathing, based on Brazilian law, at 53 monitoring stations, revealed a general trend of degradation of the water quality, although certain sections have shown improvement or variations close to stability. Low levels of sanitation, especially sewage collection and treatment, the lack of an effective land planning and environmental development of agribusiness activities and low sustainability seems to be the main factors that negatively affect the quality of coastal waters of the state of Alagoas. According to coliforms content data, the growth in tourism and poor infrastructure, the pollutant loads to water bodies tributaries increased significantly, in recent years.
